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(54) NITRIDE SEMICONDUCTOR ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To raise the output of a 
nitride semiconductor element and also to raise the 
luminous efficiency of the element by a method wherein 
the film thickness of at least either of a first nitride 
semiconductor layer containing In and a second nitride 
semiconductor layer having a composition different from 
that of the first nitride semiconductor layer is formed 
in a film thickness of a specified value or lower. 

SOLUTION: An N side nitride semiconductor layer, which 
is the N side nitride semiconductor layer on one side of 
P side and N side nitride semiconductor layers 
sandwiching an active layer 7 between them and is 
located under the lower part of the layer 7, has an N 
side multilayer film layer 6 formed by stacking a first 
nitride semiconductor layer containing In and a second 
nitride semiconductor layer having a composition 
different from that of the first nitride semiconductor 
layer. The film thickness of at least either of the 
first nitride semiconductor layer and the second nitride 
semiconductor layer is formed in a film thickness of 100 
angstroms or thinner. Thereby, a thin film layer of the 
N side nitride semiconductor layer is formed in a film 
thickness thinner than an elastic critical film 
thickness to modify the crystal of the thin film layer 
and the crystallizability of the first or second nitride 
semiconductor layer, which is stacked on the thin film 



layer, is modified. Accordingly, as the 
crystallizability of the whole multilayer film layer is 
modified, the output of a nitride semiconductor element 
having the active layer between the P side and N side 
nitride semiconductor layers can be raised. 
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1 

-5 * #"t 4 * 2 oafb$>*g#1 fc $ *tfc n 

m#iiii«*wu mum i<r>m.itV} it: it 

2 J UirSfi* 1 Oftffctt^Sft*** I nx G a 
i-xN (0<X<1) ffifB* 2 cr>afb1&#g# 

Jfrt J I niGai-rN (OSY< 1 , Y<X) i^iilt 

[st*s 3 ] mria* i oafb»**tt* i itmm 

2 oafb^^ftJBwi*!?)^ < t 1i<r>WMi)\ 35 

a-rs* 1 oafb»**#Ji * 2 oafcw*** 

■ B±t^S>K*4*wi:*#tti:-r*»#«l itzit 
2 t-IBaoaftW^IMHMS^o 

iw**4i mis* ioafl:«MMM**> it:itmu 

aofc***, ffifti- * * l «>affc» i i±* 2 
#t*» l «tiE^<oafbfe*^#^^Fo 

6 ] tit a* i oafb*3m#a tsxxrm2<D 

mm 1 5 orto^-f tL*» i ^usB«<r>afb^#?*# 

?litv^ c t «r#Sci: 1 75^ 5 oft<7>v>-f 

im*m 8 ] iftfB* l oSMfctt^NHWi £ i * 2 o 

IB«<0Mfb^#*^3S^-o 

[»*S9] «rlEp«|Oftffc*#*fl«m±, A 1 S: 
£*r*3«>afb»#»#*i:, *3«>afb» i NM£fc#l 

fc*pffl#«i&»£#u iftia* 3 <oafb'8NMM*«. 
i/c(iBtrlB*4 coa-fb^^osorto^^ < t 

ft******-. 

mim i o ] frta* 3 <r>mm*mwm & a i a g 

ai-.N (0<a£l) <fci)£«K «TlB» 4 Oftik»* 
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*#|* s InbGai-bN ( 0 ^b< 1 , b<a) £t)%2> 

[»M i i ] m a* 3 oafb»#*#a , f fciiflr 
ib# 4 coaib^^ffa^rto^^ < t i>— -fr<r>mm 
is«i-4*3oftffc»**#Jiifcii*4oafb» 

ifcuio utE«<oa'fb%#*ft9f?^- 0 

1 2 ] stria* 3 oafbtt^afl* , itzitm 

izm%z>ztZ!&Wt.t-f2>mmy%.9it:it 1 ohibiso 
a-fb^^^^T-o 

I»*«i3i BtriBpiH#SMS* s ?gttetc«L-cff^ 
v»r*t3j* i «t-tB«<7)aibt/#«#:*^o 

[IS** l 4 ] Hirta* 3 <D&1tto*m#mts «t tf* 4 

»**9 75M1 3<Ort<OV^-T^l J!UiE|££>a'fb!&/# 

1 5 ] twie* 3 <nmvto*m®-m *tz\mi 
oafb»¥&ft*<o^r*tjj»-:*ju, pi^FJtt* 5 k— 

■/5itTV»4C:tSr4*«t-r4»*fll975Sl 3C0I*|<7) 

v»r*t*> 1 3SuiEiftoafb»*»^^o 

[«** 16] ffirt B* 3 Offlfb* ^ ± If* 4 

<oafbt/#*ft§ coM^ t_ p k- -rz *tr v> 

4Ci;Sr#®t-t4it*S9 7!;Ml 3 <r>n<r>^-f*-fr 1 

a(-iB«wafb^f#-*#?R^o 

50 [0 0 0 1] 

[*m±*>5pJfl!5HJ] *l§^(4, (LE 
D) , U— f^^^-K (LD) , *E§*vlfe, 3t-b>^ 

# (tSJx-lf, I nxA IyG ai-x-vN, 0 0 s£Y. X 
[0 0 0 2] 

ftfb*#*#tt*S«**»fel&3feLE 
D, ffeLEDtLt, Ki:7^*7-LEDfV XT' 

t7T-f7M±i:GaNJ:t)i4A'7 7TSt, 
S i K-yGaNit)iini3>?^Ht, ^.-g 
T#P#it, * L < l4#-SS^#P«itO I n G a NS 

* 'S.-i-T 4 ffittS t , Mg K— V A I GaNi^iip 
i^77Kit, MgK-7'GaN<tl9^4p1S3>^ 
^ h8t^)S(:«S$iX7t:fll^^*tT^<9> 2 0mA 
(CiiV^T, H«fi 4 5 0 n raOf fe L E Df 5 mW, 
^SC£^F^9. 1%, 5 2 0nm<OgfeLEDr-3m 

50 W. ^SPfidP^6. 3%fc#*U«*Lfc!|*te**i-o 
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[0 0 0 3] ifc, *ffl*A(iSfl:»#*fMMRO± 

mwx®&xm&x<nmmtmi7;mwx±zmfS.Ltz 

Zb*%%.Lfz (ICNS'97 i 5 -^*, October 27-31,1997, 
P444-446, S^'Jpn.J.Appl.Phys. Vol. 36(1997) pp.L156 
8-1571, Part2,No.12A, 1 December 1997) „ 

[0 0 0 4] znt^izmi&tlpmiHkfb'r'Uxi-ii 

I n G a N i 0 ?rtt ~1?#P»1, 

mitt-Tib. J*-*?-#p1ftaofc<oi;JttfcL-C\ ft 
teH£#«>|»l£jM¥^;ta, «*|6|<oa?!llfttji*«jiS< 4 

0, ffl&lfLEDXT-CliVf («*Hl«E) jS««<* 
& IS |6] 

[0 0 0 5] V f «fiT$««tt#f2:li«|qCj£fffn«P 
b LT, «x«f4fH s F9-2 9 8 3 4 1 -§-UftteS«fc <9 
&±i::$>& pfflOft^ff, 3>??MMlnAl 
G a Ni Sr fc ? <£> V - -fSS^**! $ *tT 
v»4o COjMTilpffloafkttfMMWfc I n£#*>a 

Jf o*-Y'jTiftS£ii#n£-£, is—V&pnmUL't&M 
2*t£ n b-fhiiOX-hic U>U l*i:iiInAl 

<, ifcl n^-i-tr^b%l#^f±pffiU4 l 9t-< v^c 
[0 0 0 6] 

[f^7} s fi?&LJ:? £1" &IIS] Wx.ll LEDfH 
JHWffljfc*, ittl* B *o M tz&W'A7'4*-fV4 Steffi 
ffl-f -Sfe^tcji, V f rt^TLfcllft^oSl^S^f-ji* 
^46<b*tTV^ 0 i£LDOBifi£lg:T£-£Tfe^(; 

*) v> o -5 Oft & o W li^i^^f 

If ^A-CfiESJifciOTafeoT, ^§fi!)i:tl.t: 
itLTLED, LD^oafM^^ffc^Offi 
**l*J±S**fc*U, Vf, HfiSTS^Tf^ 

i £ U J: i) , V-^Xit&jfmttn&iVtottm&im^ 

£ ffeo m?- rrHT. <nn*f t |fij± s s w b § £ 0 

[0 0 0 7] 

[»«*»*•*■* fc*«5#ai *^^O^fb^**#lS 
^•«±, nffloaft%**ffc«i, pfloaffc%¥*ffc5 
i:0|BJt-ft14« *affc»*»»«?-U*v»T, 1ft 
IEn«oaffc»*3WMU-J±, I n t-ft-tr* 1 oafttf 

^ o»i oaf fc^**ffcSfcll 

* * 2 oaf t Ti^e $ titz n n&mm 

S£*L, ffirlBft 1 oaffcft*2»ffcS, ifcl±«ME*2 
oaffc^-f-SfldlOflO^S: < ti-^fi4 s l 0 0 

< a* i omit®*m#-ma «t 2 oaft^**^ 
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li7 0t>^^Fn-AfllT, Skff * L < (± 5 0 * > 

33, ftftJf <±4<-£ <tUn *-S-trftfk!»#*ft:, «f S 
L < ti I n G a N J: I) ^!>#Pl?-ttl.f-i?-tP 

[0 0 0 8] » 1 C0ft{bft4^te1t± I nxG ai-xN 
10 (0<X< 1 ) b U & 2 oaffc^&'ffcS ti I nvG a 
i-yN (0^Y<1, Y<X) , 4fi L < (iG a Nt-fSC 

[0009] § h i-, utrgeft i oaffcls?*^ffcf * fct± 

» i oaft^^i * 2 oaf *« 

20 %J#*f*)S (*2oaffc«M£*fltfi) 

[ooio] $ * i-i fc, *rE* i oaf k^**f*s , 

££tiiiHefi?2oaffct>4^ffcBorto^&< t i— 
S fciij[5 2 oafb»*i#l»H-i i i^7c*oafi6;|B) 

±t?lvi:*44it*«F»i:t4. EP*,, » 1 oaft 

t>*jgffce * 2 oaft:n#*f*e zmmmmm l 
fz&smmzMmLtzm&i^ m 2 oaf m*&wm 

(»l<Oftit!»**««) *»A/i»l oafktf^f*: 

jo « (»2oaftt»**#:S) oin^Tcsoa^jt^j: 

[0011] n«#JMUH±fiHt«t«IIIILT^«$*t 
ffi 75* (6] ± L ^ 1" v ^l® fa I- * o 

[0012] i fc, ^n^<^n 1 oa-rtt^j£ffce*5 j: 

ik» 2 oafb^**WB**r > F— yr-*^. i t 

[0013] ni oafk^#*#Ji * 7*cii* 2 oaftw 

4^#Bo^-fii.^-7jU, nia^tt»**K-y*itr 

K-yf4itCil9, ai*7) s fa±L^1-v^faU* 
4o ^UnM^-WSDb LT(i, Si, Ge, Sn, 
OIV^„ VI^7C«^#t L<MiRL, ^<b(^4ftL<(± 

Si, Sn im^ho 

so [0014] ttz, liu oaft^&ffcSfciy^o 
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X 1 0 2 ' /cm 3 J^T, SHdllxl 0 20 /cm 3 J^TtC 
ISStSo 5 X 1 O^/cm 3 «fc l) i>%^tm.iWl^& 

[0 0 15] § b {z^LftWOtt i L^WMt Lt> mfie 

(if&ScDSfbt^&frf > *i <t CFH 4 OSMbW^NHMi 
l±7 0*>?** bn-Aj-HT, f iff! L<l±5 0t> 

fSJI14rt s .g. < ^^><7)T% a5** J [6]±-t ; 5>l>IIfiIl-*)^o 
[0 0 16] $3WtftWlfti(iAUGai-aN 20 

(o<a£i) t u wnum a (rym.im^mwm\t i n 

bGai-bN (0Sb<l, b<a) , 9iL<liGaNt 

[0017] £<btc ^iria*3o^bt;**#s, *fc 

i5«i-^.H3^ait»**frSt 7t(i»4 0S-fb 
ft#^#Jf ra±T-ZWc#&£i t£#g!ci:i-&<, BP 

*3o^ib$;**#§£7t:iifii2o^bt>**te'f 

Mfb^#*#« (»3oa-fb^l**ffS) ^Hf^iv 1 

[0018] §e>u4/c striae 3 offl{b%**#Ji, 

on i ^Tcfs^a^^, ia«i" * ^ 3 <nm bt»*^s 

f ^c(i* 4 wftfbft4MI#>§<9l^-i I i$oc*?>il&J£IB] 

t^s&s * fcitm 4 <7)fifb^/#»fre £tt&s«e l 
tz^mwM ifmtfzm-k^ m 3 o^fb^aifts 
(«4<oftfb®*^#®) osib^&tt 40 

[0 0 19] pfl)#-Jf JKHi, ni#iili:^b<tS 

Z> o 

[0020] itc *&m<r>%i3(r>m.im}*mfcms$i. 



l±0. 1 jum&TlZ-f&Zt-timi L^o 0. 1// 

[0 0 2 1 ] $ S> (I* 3 Oftffc»**fMi 4 4 O 

SftWtJ:^ SEW K-T'tiitlU { K 
g, Zn. Cd, Be, C a IfWI l^5c**»i t < M 

[0 0 2 2] ifc*3 0ftftft**fl«45J:y f »4 0a 

1 0 22 /cm 3 UT\ ffiL<B5Xl 0 20 /cmH^T^P 
g"T£o 1 X 1 0 22 /cm 3 J: «9 

[0 0 2 3] 

D^li^T'f 7*«10±i::> G aN XVte&mi 
c0/^7 7ri2, T> K-^GaNJ: 2 OA? 

7rf3, S i K-^GaNi9i4n(!3>^^H 
4, 7 > K - "/G a Ni J: 5 3 OA 7 7 r ■ 5 , 

I n G a N/G a Nttfe^fltikJ: *> n«£»iWI 
6. I n G a N/G a Ni: ^ ^^)^lf Wptl^ffi 
14«7. AlGaN/GaNgCTIi:f)^^pl^ 
fil8, MgK-7 p GaNi^^pin>^ni 

[0024] #«9josf t»**#** m i 
oaf t * & & & js £ a * 2 (»m t%j¥- 

W-C3»J3L±. $e>*c»iL<(i**t-rjH^ft<fct2 

t ^> ^1 11 li* 1 ^Htfef f fti 1 1 , &2 <nW.it 

fifb^#«#« 4 fcl±* 2 oaft»fl#i^ft < t 
t-JOlft lOOt/'^ hn-MIT, ffiK 
(i 7 0^->^^ hn-MlT, *<>»i L < «i 5 0^-> 
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1 , £ L < Uft 2 oftfb»#*fMI < 4 

[0 0 2 5] * 1 oa^bft*3WMU4 I n ^tsmwa 
4Jf L<(i3 7citS?>I nxGai-xN ( 0 <X 
<1) tU $ bizifri L< iiXfit^O. 5 ttTW I nx 
Gai-xN, fttffi L< (iXtt* ? 0 . lUT^InxG 
ai-xNtt4. *2 0ftfb*MMH**|-±*l«> 

> K 7 * ;u ji^ # v> 2 TCilS ab 4 ^ l± 3 7C 

ftJfjtoCftJ^O. 5£lT<OInxGai-xN-C*i3> fg2 

[0 0 2 6] LT, *1 £ £ 2 ?>S 

{b^&ftdf OIBSIP* 1 0 0 *>^*X h n-AJiJLT, » 
£ L<ti7 Q*>yx Fn-AHT, ftt4fiL<ti5 
O^/^Fo-ABlTCtSo m-S"fb%M£*-*®<0 

mmx-Z&c tfc, Wtfji 7 0*>^'X hn-AJ3lTi: 

[0 0 2 7] Sl> SfcJ4fMEllS2tf>afl: 

1, *fc«HS2 0ftfb»##MMIIBI±-CSv»,c*4:4J: 

^InGaNtU * 2 OS-fb»#*#« £ G a N t L 
GaNitGaNlt«B«InGaNi<Dl 

mmrf$nt-?2> tub. xnmzmw&9im-9ut-t & 

fcttftft^MHML 1 t H C <b ft4o 

[0 0 2 8] ifc, *n, ifctt*riB*2oSMb1MMi 

«x(f, » 1 OSf b®#3M£6 £ I nGaNtU IS 2 
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<omit%>)^fcm £ G a N t L fcm£, GaNitGa 
NgtOPalW I n G a NH<0 I n&)££T§'&'f t-Sffi-T 

[0 0 2 9] *l^J:tr»2oaffc»#3MWi(±W^i: 

- -f<omr^i> z> 0 ^fc^unM^t;* v-y'-f&m 

« 1 wSftft#i#iO nfl^«*»*t, *2<0 
[0 0 3 0] S<bU*»WO]K4lt-C{i, pUJSfb^** 

•r 4 » 4 ^aib^^^fr* t tmm $ p m&mmm 
fl^n 6 1 ra«t-* 3 ottftw^jiiMi, * 4 com.it®* 

mfo*-?H J ?ti~ / J>%< i: t — •Jtt±»* U ^-It^3S 

«L, ^•tf-T-4)im±«ei-4c: ti«af Lv^ 0 $e> 

km) fc*-r4pffl^«««ii*3oflfi:!»#awwi 

1 T'(±p1B#)BMJi f&ft«7tC«L-Tff^$*VT 
[0 0 3 1 ] »3, *fcl±*4 0fflfbW* 

t fc.±»4 oa<b«#*fl«ra±-esv»,;jifc4 i^i: 

40 IGaNtU «4 OSfbW^MMW SGaNtbfc* 
GaNitGaNftWAlGaNMI 

5££^Mb$-tf&£ t* { T-H)t<6, HKWtc®^*^ 

Lfcftfb»#»<Mi 4 <?> t ibj 

^#t>*v4 0 Zcotztbmz.i£\s—Fm?-<D£ o 4**?S 
50 - KSrf9ST§4o 
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[0 0 3 2] ttz, fS3, itli*4 0iftft#ift 

xJ±\ *10Sft»#i*l*A 1 GaN^U «2<7) 
mm^-mWrn ^GaNt Lfc*§£\ GaNltGaN 
ItOB^A 1 G aNiOA 1 CHgi£1" h 

i«t^-^^^o £&a i a***iiini-*(^ 
L fcS * p via KE-f * - 1 ^-c § & o 

[0 0 3 3] ffi3 0aft^¥^Wf i*A 1 Sr^trfifl:* 
»i I < (i 3 xI B 0 a (7) A 1 a G a i - a N (0<X 
<1) tU tt»iL<(iaf* ? 0, SttTOAla 
Gai-aNtt^o 0. 5 tfefitt^JK £o 

3 oaffcW^Sfl* i: a*** 4 4 Sft 

^Ip B a *4v^i3xflp B a oafb^*^#«:^:S$^ * 
(i. *3oafL%¥*#^^a«^0. 5J^TOAla 

[0034] Zh\z, %z<nmm^fcm<nigkW* i 

n-A^LT. f iffi Kli5 0t> Y n — AtlT 
ctio W**c»4 0«jb»**iMioiWt loot 
hn-A«T, Sfi t < (i 7 0*>^^ bn-A 
»T\ ttjfiL<l±5 0t>^hn-AjJTtt 

i^Mt'jr s < s v> P @ ^ 40 

[0 0 3 5] 3 oaffc»**#»i3 * 4 (OSffc* 

fl«¥t±0. l^mHT, fftL<li7 0 0*>^bn 
-A£lT\ £<bU*?£ L<(i5 0 0*>^X Fn-Ml 

rctio o. i fxm^m^t, r> Y-^m<oma so 



mmW- 1 1 - 3 3 0 5 5 4 

10 

ist, »4oaft»***wopjfi5p*t»»ft«±*4 

[0 0 3 6] 

W-r^o 7 4 7 (cm) iOiiJSftitMOVP 
1 0 5 ot:s-e±#s^ &U<09 

fino if lCOT7r^7CI<7)fl Rffi. Al^ri 
Ii:t^t7r^7> -toffe. ^fcf*^ (MgAl 

2O4) <r> x o &iffe*i14oSf oflfc. sic (6H. 4 

H. 3C^tf) . Si, ZnO. GaAs, GaNl 

[0 0 3 7] (11^77712) Sc^T. i&ft£5 

^e-TiTMG (hU^f^^'J^A) i*fflv\ if 
1±CG aNi»)i^^777i2^2 0 0t>^ 

[0 0 3 8] (^2tfV^y"7 7g3) /^777i2Sfi 
TMGO^ih^T. 1 0 5 0tlt±#^^ 

&o 1 0 5 0t)(:iof:^|i:<Ift^i:TMG, 
7>^-T:*f*£fflv\ 7>K-7 p GaNi:^^i2 
(7)a*7 7t13 * 1 /iitiOlRIf TN&SS-tf&o *2 0/< 
y 7rili5feCSft?^l^^ 7rSJ: 0 t>S5 

a. 9 o or;- 1 1 o or-cj&ss-^ uxa 

lvGai-x-vN (0^X, 0 ^Y. X+Y^ 1 ) TiffST 
aN, Xtt* ? 0. 2BlT<7)AlxGai-xNtt4tfeS 

[0039] (nin>^M4) ^v^T 1 0 5 0t 

^t:v7/^»\ S i * 3 X 1 O^/cm 3 K- 
fl/:G aNJ:«9 44n1ln>^^ 3 //m^If 

r®3tra«|{C. I nxA 1 yG ai-x-vN ( 0 0^ 

y. x+y^i) -cmflt-c*. *<omae.\±m~mi to-c 

ttftv^, «FS UiiGaN, Xtt^O. 2 £lTOA ix 

Gai-xNtt^ t «A^na v^aft^****** 

f#t>tt^i-V> 0 mmitftlZfflo tOtlifev^, n«g 

gJL<, lxiO'VcrfHl, 5X10 21 /cm 3 JiT 

OKl-eK-7 p t^-t* ? Si tv^o 
[0 0 4 0] ($3(0A7 7 7i5) »:y7>^0 
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**lM>, 1 0 5 0t:t?H»i:Lt7>K-'/GaNJ: 

BW-Cffifi :^30/N*77rl5UnxA 
irGai-x-YN ( 0 ^X, 0 ^Y. X+Y^ 1 ) tfffit 

aN, Xttrt ? 0. 2 J^TOA 1 xG ai-xN> ifci±Y<l* f 
0. 1 WTO I n y G a i - y N h f ^ h « ^ 

*affc»**ft**ftL*+<1-*o r > 

(nffliJ^JtjUJf &^fro ) i!)4J»3^7T 
• 5tMLfc3JiflHtl:-r4fc. LED*KLfc» 

[0 0 4 1 ] (nl#iii6) SS*8 OOC 

CIT, TMG. TMK T>*-TS:fflV^ 7>K- 
71 no.osGao.97NJ:^^^il OSft%#*#W * 

*0±UGaNi9&*»2 0aftW** J fW*2 
J*»)iiU SfSl +W2 0JH"C5S(i 1 OBo'oflfSL^ 

[0 0 4 2] (SftJf 7) 7>K-^GaNi« 

»v^riU!t8 0 0Ciat, TMG. TM I > T 
>^e-7£fflv>7> K-7I no.4Gao.6NJ:^^^# 
PiJ: 3 0*>^* hn-AOlf-etSS^Jo -5*U 

ti»m+#p+km+#p • • • • 

Sr5«. #pf4iS5:(:«itt, il&RI* 1 12 0* 

f&fiS-tf&o fiHM 7 Lfc**, ftVfll 

#F i »i L T ill T^fc ^> »SS^?>* 

#P«OBWt LTti 1 0 0t>^ hn-Aj^T. *f 
i t < li 7 0 3~>yz> hn-AJilf, SfcdSFi L< «± 

T\ »i L<<i2 5 0 *>^ bo-A^T. 

[0 0 4 3] (pffi#SBi»8) TMG, TM 

A> 7>*-7. Cp2Mg (y^n/o* yi-^ 



(7) 1 1 - 3 3 0 5 5 4 

72 

n->7A) irfflt^ Mg * 5 X 1 0 19 /cm 3 K-7L 
tzpMA lo.osG ao.asNJ: ^^B3 0lftWtft 
Jf £2 5*>^X bn-AOBUJT-tf;S$"*, gEv>"CC 
P 2Mg, TMAS:jh*7>K--/GaNJ:04i*4 

ItXSi: 4 Jg-fo»Jf LfcjBft^ -t 0 4^>pl^II 

[0044] (p1H3>^^h@9) ScV^Tl 0 5 Ot: 
10 X\ TMG, 7>*-7\ Cp2Mg*fflK Mg£l 
X 1 0 20 /cm 3 K-7L£pMG a N «fc «) piffle > 

& 0 pI^/^^M8U nxAhGai-x-YN (0 
^X. 0^Y. X+Y^l) XMfoX^, <eo&i£<i4#UPa 

[0 0 4 5] RI&ttTfk ittK*Sia*"CT«f, SfeU 
SSf^B*;*. ^i-^fcRfc^&rtUiS^'T:, 700 

-?> o 

[0 0 4 6] 7--U>^f£. * i - >^ £ 
ff£fcO^*?£I2i£U RIE (RJ£1£^*>^^> 

[0 0 4 7] i7f>^, *±»U*^p«3>^^ 

30 Au**tr»ftttOp«El Ofc. ^c0 P mffil0O± 
lZ^>-rV >^fflOA u <£ «9 *& p/<y K«ll 1 * 
0. 5 pi m<DmMX~ltm-t h o — *\ aiy^^uJ:*) 
Ba4§-^rfcn«3>^^ 4 O^HiHiWfc A 1 
tr nltl 2 «ttLEDff^: Lfco 
[0 0 4 8] dOLED^{i«S^rf^«)±2 0mAtli3 
V>T, 5 2 0 nmO»ffel&*^l, V f It 3 . 2 V 

Lt\ VfCO. 8Vfi<flS;TU ajin±2«Ja±^rfii 

±LtZo <£<Dtzit>, 1 OmAtf^LEDffiiJiJ 

[0049] *m&Miz.&^x^ nm§rmmmzmi&-t 

^»2 0afti»**tf«(iGaN-C#S:L3t^ |OI 
nxA 1 yG ai-x-YN ( 0 ^X. 0 ^Y. X+Y^ 1 ) . U 
t L < «i I nMffi 1 ^ait«#*#J: «9 t^S ^ I 
nGaNti«n:t4t^o ifcpfil^SIRS* 
**-r*»4 oaftW#*fM«G a N-C«J8Lfctf«. 
fOInxAhGai-x-YN ( 0 ^X, 0 ^Y> X+Y^ 

i ) , » s l < tt« 3 oafb®*^*<t hai a^<7) 

50 [0 0 5 0] g£3ftOLED^T*<7)PS(i. GaN 
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X 0 ta%>% 1 <D/*v 7 rl^±C, 7>K-^GaNJ: 
!)i^|20A'777|, S i K — ~/G a N <fc 0 & & n 

Oiifttti^ *-OMg 1 o. i G ao.9Nf, 

[0051] 2 ] m 2 immm 2 iz&z led 

^5X1 O^/cm 3 K-^LtplA 1 o. i Gao.gNJf 
L/:U5, Ht<2 0mAi:i3^T, V f (± 3 . 3V 

fco 

[0 0 5 2] [**«3] ^*v^T, nffi^Jf 

S i £ 1 X 1 0 18 /cm 3 K-yUGaNtno * 
fc, p«#«K«tjH»^#Jti:*ru, Mg*5Xl 
0 19 /cm 3 K-7°L/:pIA lo.i G ao.gNiJ: f) 

mm 2 1 mm^om^^z l e d*^ *«w ^ *t 

[0 0 5 3] [**«4] *lfc«l JZiJV^T^ nffl^S 

6 srdtfti-iiR^. * i nmcm^morm * s i * 

1 X 1 0 18 /cm 3 K-*/Lfc I no.oaG ao.97it U 
I2<7)SjtWfftit, S i Sr 5 X 1 0 18 /cm 3 K- 
yif:GaNit^o Sfc. pfflJ#S)KS *St&?-«iS 
£-tH*U. Mg* 5 X 1 0 19 /cm 3 K-'/L^pSA 1 
0.1 G ao. 9 Ni £V)%:Z>pM? ? y KS 8 * <h1-£ffe(i 
H»CLt, LEDffSrftSLfctC:^ 2 0mAi: 

i3V^TVf(i3. 4 V, m*«±ee*ofc<onjt«LT, 

1. 5 fSJU Ji £ «*t£#tfc * * L fco 

[0054] [^jfetM 5 ] mmm 1 k^t. # 3 o/* 

t4Ri:, g4(7)lfl:W*ftl(:Mg^lxio 19 / 

cm 3 K-^L/cpfflG aNWS:S:«$*^ffi«ira«lUL 
TLEDf?^SLf:t^^ *ife0U 1 t mmm<7) 

[0055] mmm 6 ] mmm 1 u*jv*-c, * 3 

7 7rl5**ft?*f, Sfct:ip«#»BW8*Jftft 
f&BIt^ T> lo.osGao.95NJ:ty&4$&3 
Oiftfe #S#i i 2 5 t> h n - t , T > K— 
"/G a N J: *9 ***M Ofiffc»**#«* 2 5*>^X 
Fn-Ai: -e-eti-rti 2 i^oSSCM LT j^BI/S 1 
00t>^ h n - A tf^IliBSil: Lt L EDff 

LEDf^H^^o 



74 



[0 0 5 6] [*iS0B7] U^T, ni# 

BUI6 7>K-7°Ino.o3Gao.97N 
J: 0 £ * m 1 Ogft^^ff ■ * 5 0*>^x Fn-A 
j£ft£-t±\ *i:r>K-"/GaNJ:^i*2 0Sftft 
fffWi2 5 * > h n^A^S?-ti:^> 0 f^T7 
> no.o3Gao.97Ni*4 5t>^Xhn-A 

J3c:K£-£> iv^7> K-7'GaNi*2 5*>VX b 
n-Affift$-l*\ > K-7*I no.osG ao.9?N 

W 1 ogffc1&*£fldBO*£ 5*>^x h n-Afof < 

2 0ih^^Cl Oi^ofl ^ £ 

& nffll^/f 81£^ft5 2 5t/n hn-AOBtff-CflE 

[0 0 5 7] m C < mfeCT 1 Ui3 p H^H 

IR«8Sr«ft$^r^^ Mg£5X 1 O^/cm 3 K-v° 
UpIA lo.osG ao. 95 N J: 0 £ £ % 3 OMfM&^N* 

y K--/GaNJ:0 4j^i4 <7)lfl:ft#SftS «: 2 5* 

■/l/:pSA lo.o5Gao.95Ni*35t>^Xfn- 
*:7> F-7 4 GaNt2 5 * > hn-Aj&fi 
2-££ 0 :o J: ^: L 3 OiftWiftiO^t 5 

o»l LfclWH-iiJ: 9 44 p«#Wt^tt2 7 5 
[0 0 5 8] f<0«li*8flli:B»i:LrLED*? 

«oa*^#^tL4o Jtp«#iR8Sriftt4»3 
0S>ffc®#*#:»<7>^0|RI¥*^xTv^o7t^ *40 



[0 0 5 9] [*JSCT8] 1 tCioV^T. nffi# 

M 6 *^ft$-€:4l^> 7>K-7 p Ino.o3Gao.97N 
t n 44f 1 OMft^#S#e* 2 5 hn-A 

^Sff®*2 5^>^X Fn-A^I?« 0 gcV^T I 
nO^^Jt*^T#< L/t I nGaNi^2 5^>^*^ 
ho-^SS^^ lv^7>K-yGaNii2 5^ 

\<nmt, i2oit^zcioifo«ii, 

641:* 1 OB^I no.aG ao.?N^44 <t ^ Clt> 
If 5 0 0t>^ Fn-AOn»l)|i:ifi$-t 

50 [0 0 6 0] mC<Stlfcffll l-iiV»r, pffl^S 
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mm 8 ifSL&Z+t&fg. Mg£ 5 X 1 0 19 /cm 3 K— 
LfcpfflA lo.osG ao.asNJ: t) ft & % 3 oaffcft^-S 

> K-^GaNJ:l}«r4SR4oaffc»*#MtWS:2 5* 

K-7°LT, A 1 <D®.m i itZ%T-&< LfcpffiA 1 G a 
Ni^25t/^Fo-A, *C7> K--/G a N£ 

ft*£WU^3 0Jf tf ? A I0.2G ao.sNhi^ioCL 

[0061] ^(omt^mni tmm^txLEDm^ 

^6 *«jai-&* 1 coaftf»**^«<O^OI I iBoc* 
&jgLim*-X^-otzt>K *2oaffc»4M»ti*4:3 7C» 

IttSAtv^/:^ m 4 oaffcW*#fl* * 3 TCrl 

4 7ca*oaft»#*frt it, ^oiii^tc^^ 

[0 0 6 2] *J40ll7 tC^v^T, pffl#/f 

mm 8 «r#«R)it*-f il, Mg^5Xl O^/cm 3 K 
-•fLfc pfflA lo.i G ao.gNl J: 19 ft& pffl^ 7 y K 

[0063] [mmmi 0] nmmsK^x, pm& 
mmmsz^mmmint-r^ Mg^xi o ,9 /cm 3 

K-^LfcpSA 1 0. 1 G ao.gNii *)%:2>pm?7V 
KB 8 ' ^ 2 0 0t>^hn-AOlft^g$« 

2 t(5(3rn«f 04#ttS:*-r& L E D^^#^>tL^ 0 
[0 0 6 4] [^lifeCTl 1] HJ£$)8Ui3V>T. nffl# 

sp*#^i-^>^ 1 oa<t»**#o 1 nafttiasffli 
*L*u!s6or^* < ft£ <t 9 u-r^fit<ira»u ule 

L E DSf^W^ttfeo 
[0 0 6 5] 2] HJfcflOl Ui3V>T. n ffl# 

SMS6 7>K-yino.2Gao.s 
NJ:0fc*»loaffcW¥*#»*2 5*>^* hn- 
&iZT> K--/I no. 05 G ao.9sN J: ft 
**2 0aft8^SMW*2 5t>Whn-ASS? 



(9) # 1 1 - 3 3 0 5 5 4 

[0 0 6 6] [*Jfcm 3] Ui3V*T. pffl^ 

SBISS8 Sr^S?-*^^ Mg K— "/A 1 0.05 G a 0.9s 
N J: 19 ft &ft 1 oaffc»**fl* £25*>^*hn- 
Aj3cK£-£\ ^C7> K-*/ I no.iGao.9NJ: 1 )^^ 
* 2 oaf fc» ^25t>Whn-ASf^ 
hmt. $k1&mi tHlCULEDfHf^SUt 

[0 0 6 7] [HifeCT 1 4] HJSCT1 CUS^T. n» 
lii6 *JftftS**BR, 7>K-7'I no.03Gao.97 
NJ:9&4*noaffc»¥*fWO»l*«:2 0 0*>^ 

<D#t4 * 4 ffW h ti tz o 

[0 0 6 8] [**m 5] **fcm UJ3v>-£\ pffiH^ 
JBIRJi8£j£ft$-£&BI. Mg K-T°A lo.osG ao.95 
20 NJ:^ft^^loafb^*2gfr80Plf*2 0 0*>^ 

[0069] mmm 1 6 ] *5&9§u^^&**w 1 6 

nmmi 6<OU-> K**> 8 
S^)GaNSt5 0±i:, (1) 3 jumCOlf $«0S i K 
— 7V)G aN^^^niGa N® 5 2 > (2) 0. 1 
/zm(7)S^Ino.iGao.9Ni53, (3) 

50 ft***#» ^^2 oafb»**<*« k^^i* jB»^ 

«itOn1ffl^Jim85 4. (4) S i* ? K-y$tt/c 
0. l^mOfSOnMGaNWKi5 5, (5) 
I no.4Gao.eN/I no.o2G ao.98 N^lfiT"#P# 
3tOrS14Jf 5 6 , (6) Mg7) ? K-7^iif:2 0 0t> 
h n-A(7)ff^OA lo.2Gao.sNi57, (7) 
Mg^K-ySttfcO. l^mOfSOpIGaN*^ 

4 vm 5 8, ( 8 ) » 3 oa^fc^**** tm 4 coaft 

^#S*«^?>ft^a^«iS^p1M#SffllS5 9. 
(9) Mg^K-^SilfeO. 0 5 ^mOS^pIG 

40 aN3>^H60, W±o#JlS:*:ftS^^c:ttc 

hn-A(7)I?^ff^7> K-7 P <7)I nGaN 
2 5*>^hn-AOf?itt4Si K-^O 
G a Ni t 2 4 0®. ^HUSWS tiT&* 0 
L. T> K-yo I n G a N(i. Sl5J(i I no.oi G a 

itiOS^r, f^i7) ? I no.aG ao.7Nk ft ^ J: n Ctt 

hn-Acol??^#LS i ^K-7 p ^ix^4o<7) 
50 Ino.4Gao.eN#pl^ 5 0 * > h n - AOlf 
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J^tLS i &V-~f2tltz I no.ozGao.ssN 

2 5 h n-AOlf £ £WL7 > K-^OA 1 G 

-7^ix/:GaNi^^l2 0i, ScSLUflW StiT 

lit, T> K-^A 1 G aN(i, fcffltiA 1 
o.oi G ao.99Nt^S?^ 2®mi3M&A 1 <7>M)£Jt 
*3fc*(::i*in$-i*\ ft&OJf rt*A 1 0.2G ao.sNt^^) 

(1) - (9) xyf>m* 
d <h UJ: <K gJ 4 5 0 //mO'J 7vWt 

U pln>^ hJf6 0±tZAu/N i 4»*>&&p< 
g6 1«U 3 ilSm^tL^nMG aNi 

5 2 ±CT i / A 1 ^<b4S nlftS:Mt*o 
} ) y yOSSKi, T i O2/ S i O2 £ 2 
ztizx*)^ WJW^R!ttSRt50%i:Lfco 

[0 0 7 0] 

$^:^o *<r>tz*b. itlt^LEDfffcW^ 
S * & <r t ( : X h tz tb t m m 2 tt L v ^ ( i ^ 
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-C*£o LEDt?-0||iiliW ? |fiI±tl)t^Ui: 

[H 1 1 *#§^0-^^JUt£& L E DSH=-*>fl*ii* 
[HI 2 1 *!§W<7)ffiO^JS0!li^ft^ L E DSH^fllii 



2 
3 
4 
5 

6 
7 
8 
8' 
9 • 
1 0 
1 1 
1 2 



t7 7^rM 

1 (D^ y V 7 

2 <?V< y 77i 
nlffln y 9 9 h 
^3 O/s^ y -7 r 

Pflj37 > ^ /7 

* Pi 

• n 



1] 



[0 2] 



[13] 




8* 
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11 
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